Human languages can express opposite propositions by means of a negative operator not 23 that turns affirmative sentences into negative ones. Psycholinguistic research has 24 indicated that negative meanings are formed by transiently reducing the access to mental 25 representations of negated conceptual information. Neuroimaging studies have 26 corroborated these findings, showing reduced activation of concept-specific embodied 27 neural systems by negative versus affirmative sentences. This "disembodiment effect" of 28 sentential negation should have two distinct consequences: first, the embodied systems 29 should be computationally more free to support concurrent tasks when processing 30 negative than affirmative sentences; second, the computational interference should only 31 be reduced when there is a strict semantic congruency between the negated concept and 32 the referent targeted by concurrent tasks. We tested these two predictions in two 33 complementary experiments involving the comprehension of action-related sentences and 34 kinematic measurements of its effects on concurrent, congruent actions. Sentences 35 referred to actions involving either proximal or distal arm musculature. In Experiment 1, 36 requiring a proximal arm movement, we found interference reduction for negative proximal 37 sentences. In Experiment 2, requiring a distal arm movement, we found interference 38 reduction for negative distal sentences. This dissociation provides the first conclusive 39 evidence in support of a disembodiment theory of negation. We conclude that the 40 computational cost resulting from the insertion of an additional lexical item (not) in negative 41 sentences is compensated by solely storing a concept in affirmative form in semantic 42 memory, since its negative counterpart can be produced by transiently reducing the access 43 to such stored semantic information. 44 45
INTRODUCTION 47
Human languages have the essential capacity to express opposite propositions by 48 inverting truth value conditions and by affirming or denying any given state of affairs. 49
These oppositions can be expressed by distinct lexical items (e.g. "affirm/deny"). A more 50 parsimonious alternative, with respect to the lexicon size, is provided by sentential 51 negation constructions, i.e. by the negative operator "not", which can reverse virtually any 52 affirmative utterance into a negative one (Horn 1989 Early psycholinguistic studies evidenced how negated information is more difficult to 58 elaborate than its affirmative counterpart (Trabasso et al. 1971; Carpenter and Just 1975) . 59
Increased difficulty, however, does not appear to be a constitutive property of sentential 60 negation, as the difficulty effect may disappear when sufficient semantic or pragmatic 61 contextual information is provided (Glenberg et al. 1999 grounding of conceptual knowledge in embodied modality-specific systems claim that the 90 retrieval and elaboration of concepts rely on the specific re-activation of the neural 91 systems involved in the experience, e.g. sensory-motor or affective, with the concepts' 92 referents (Barsalou 1999 (Barsalou , 2008 Pulvermueller 2012). Thus, sentential negation appears to reduce the embodied neural 96 representations elicited by the concepts expressed within its scope. 97
The Disembodiment Effect of Negation 5 Two independent studies more recently confirmed these results. Tomasino et al. (2010) 98 showed that fMRI activations in the hand region of the primary motor and premotor 99 cortices were reduced for negative hand action-related imperatives, such as "Don't grasp!" 100 compared to "Grasp!". By means of Transcranial Magnetic Stimulation (TMS) of the hand 101 motor cortex and a concurrent reading task, Liuzza et al. (2011) showed that the 102 suppression of motor-evoked potentials from hand muscles observed for affirmative hand 103 action-related sentences was reduced for negative sentences. 104
Based on this evidence and on the lexical parsimony principle, we hypothesized a 105 disembodiment effect, by which the blocking of conceptual representations operated by 106 sentential negation leads to a computational load reduction in concept-specific embodied 107 systems, yielding a reduced interference on concurrent tasks ( Figure 1A ). By inducing a 108 simultaneous engagement of common neural resources between linguistic processing and 109 motor execution (see Boulenger et al. 2006 ), we defined a paradigm to elicit interference 110 effects between language and action. In this framework, we tested the disembodiment 111 effect and its semantic specificity. We manipulated sentence Polarity (affirmative vs 112 negative) and Concreteness of sentence's semantic content (abstract vs actions involving 113 mainly proximal arm musculature (i.e. shoulder and arm muscles) or actions involving 114 mainly distal arm musculature (i.e. hand and finger muscles)), and measured the Polarity 115 by Concreteness interference effects onto upper limb kinematic parameters (reaction time 116 and time-to-peak of the grip aperture) in two distinct experiments. We expected an 117 interference reduction onto upper limb movements, in the form of more optimal kinematic 118 parameters that are associated with a more precise motor performance (Castiello 2005) , 119 namely faster reaction times and delayed time-to-peak of hand grip aperture (i.e. the 120 automatic adaptation of the distance between the thumb and the index finger which, in the 121 case of a precisely planned grasping movement, reaches its maximum amplitude during 122 the reaching trajectory closer to the target object (Gage et al. 2007; Lin et al. 2007) ). More 123
The Disembodiment Effect of Negation 6 specifically, in Experiment 1, requiring a reach-to-grasp movement ( Figure 1B) , we 124 expected a more pronounced Polarity effect of faster reaction times and delayed grip 125 aperture for negative versus affirmative proximal sentences, compared to abstract and 126 distal sentences. In Experiment 2, requiring grasping without reaching ( Figure 1C ), we 127 expected a more pronounced Polarity effect of faster reaction times and delayed grip 128 aperture for negative versus affirmative distal sentences, compared to abstract and 129 proximal sentences. The two experiments should therefore lead to complementary results, 130 with a more pronounced interference reduction induced by negative proximal sentences in 131 Experiment 1 involving proximal arm musculature, and more pronounced interference 132 reduction induced by negative distal sentences in Experiment 2 involving distal arm 133 musculature. This prediction of complementary results was specifically tested by a 3-way 134
Experiment x Polarity x Concreteness interaction. 135
In Experiment 1, we also introduced a Latency factor (visual go-signal for the reach-to-136 grasp movement presented at either 0 msec or 500 msec after the end of the sentence), in 137 order to account for the possible temporal delay required to mentally simulate the factual 138 state of affairs in the presence of sentential negation, as predicted by the two-step 139 simulation hypothesis of negation processing. Accordingly, the interference reduction by 140 negative proximal sentences onto the reach-to-grasp movement should be more 141 pronounced in the 500 msec than in the 0 msec latency condition. 142
The Disembodiment Effect of Negation 
Linguistic stimuli 160
In both Experiment 1 and Experiment 2, we used the same set of linguistic stimuli, which 161 consisted in declarative sentences created following a basic 2x3 factorial combination, with 162 factors Polarity (2 levels: affirmative vs negative syntactic polarity) and Concreteness (3 163 levels: semantic content of verbal predicates referring to either abstract entities, 164 movements performed with a higher load on the proximal musculature, or movements 165 performed with a higher load on the distal musculature). Twenty affirmative sentences for 166 each of the 3 levels of Concreteness were formed by combining first person singular, 167 present simple tense transitive verbs with the first person pronoun "io" (Engl. "I"). The 168
The Disembodiment Effect of Negation 8 corresponding negative sentences were derived by inserting the monomorphemic negative 169 operator "non" (roughly corresponding to Engl. "not"), yielding the complete set of 120 170 experimental stimuli. This resulted in 20 sentence for each of the following 6 experimental 171 conditions (see Table 1 for the full list of stimuli): (AA): Abstract affirmative sentences (e.g., ): distal verbs 183 averaged a 2.5 score (range 1.2-3.8), whereas proximal verbs averaged 4.9 (range 3.1-184 6.9). 185
The lexical frequency of all verbs was balanced across the three affirmative experimental 186 conditions, using the Italian Corpus of Lexical Frequency (Laudanna et al. 1995) . The 187 number of syllables in the affirmative sentences was also balanced across conditions. 188 Sentences were digitally recorded by a female Italian native speaker. Pitch and intensity of 189 the vocal waveforms were assessed with Praat 4.6.09 (www.praat.org), and their means 190 were balanced across conditions. Average sentence duration was 907 msec (SD 111). 191
Sentence duration differed between the 2 levels of the Polarity factor (ANOVA, F(1,114) = 61.24, p = 2.8 x 10 -12 ), due to the additional presence of the negative operator "non" in 193 negative sentences with respect to affirmative ones. Nevertheless, the main effect of 194 
Procedure 202
Participants were asked to carefully listen to each sentence presented through an 203 earphone set and to perform a reach-to-grasp movement with their thumb and index 204 fingers toward a sphere, in response to a visual go-signal, presented at either 0 msec or 205 500 msec after the end of the sentence. Thus, for Experiment 1, the basic 2x3 factorial 206
(Polarity x Concreteness) design was expanded to a 2x3x2 design, by adding a Latency 207 factor (2 levels: go-signal at 0 msec vs 500 msec). 208
Two blocks of 60 sentences were formed, each including 10 sentences per condition (AA, 209 AN, DA, DN, PA, PN). In each block, five sentences per condition were associated with a 0 210 msec latency go-signal, and the other five with a 500 msec latency go-signal. Sentence 211 order in the two blocks was pseudo-randomized to minimize the subsequent presentation 212 of items belonging to the same combination of the three experimental factors. The 213 presentation of the two blocks was counterbalanced across subjects. 214
The participants sat leaning on the back of a chair in front of a table. The height of the 215 table was adjusted in approximate correspondence to the individual location of the xiphoid 216 process. At the beginning of each trial, the right hand and forearm rested on the table, with 217 the elbow forming a 90 degree flexion angle. Before the experimental trials, the silhouette of the right hand and forearm of the subject was drawn on the table and a marker was 219 placed below the right thumb-index fingers, for consistent repositioning before the start of 220 each trial. The middle, ring and little fingers were held blocked in flexion, while the left 221 hand was kept still on the left leg to prevent any interference on movement. manually pressed a key, which triggered the presentation of one sentence, after a variable 235 delay, randomly chosen between 1800 and 2400 msec, to avoid movement anticipation. 236
After the end of sentence presentation (0 or 500 msec, according to the Latency factor), 237 the red fixation circle was replaced by a green circle representing the go-signal, thus 238 prompting the subject to perform the reach-to-grasp movement. The go-signal remained 239 on the screen for 3 sec, and was then replaced by a black screen frame, which terminated 240 the trial. During the interval from one trial to the next, subjects were given enough time to 241 return to the arm-hand starting position. Furthermore, to promote a proper lexical-semantic 242 decoding of the target sentences, in the interval subjects were required to rate each 243 sentence with respect to a subjective estimate of the frequency with which the verb occurs in the Italian lexicon. Subjective verb frequency was rated according to a 3-point Likert 245 scale (rare, mean, frequent). It is important to note that, within each trial, the frequency 246 rating task was temporally completely detached from the required movement at the go-247 signal, and it therefore did not have any direct influence on the measured kinematic 248 parameters. off frequency 6 Hz) was applied to the raw signal. The calculated parameters were 261 reaction time (defined as the time interval between the go-signal and the movement onset 262 that was determined as the first value of a sequence of at least 5 increasing points on the 263 basis of the wrist velocity profile) and normalized time-to-peak of the grip aperture 264 (separation between the thumb and the index finger). The time-to-peak of grip aperture 265 was normalized by movement duration values (time interval from onset to offset of wrist 266 movement; the offset was determined as the last value of a sequence of at least 5 267 decreasing points on the basis of the wrist velocity profile), to account for the adjustment of 268 the distance covered by the reach-to-grasp movement with respect to the individual arm 269 length (see above).
In addition, the temporal sequence of movement onsets was evaluated by extracting the 271 onset of the grip aperture (angular distance calculated with respect to the markers on the 272 index and thumb nails and on index knuckle), the onset of the elbow flexion-extension 273 movement in the sagittal plane (defined as the projection on the horizontal plane, with 274 respect to the markers on the acromion, on the humerus epicondyle and on the radial 275 styloid), and the onset of the shoulder flexion-extension movement in the sagittal plane 276 (defined as the projection on the horizontal plane, with respect to the markers on the C7 277 spinous process, on the acromion, and on the humerus epicondyle). The onsets of these 278 three movements were compared to the wrist movement onset (i.e. the reaction time). With 279 respect to the temporal sequence of these movement onsets, the data of 5 subjects had to 280 be discarded, due to the unreliable detection of the marker on the nail of the thumb at 281 movement onset. The visual go-signal was always presented at 0 msec after the end of the sentence. 290
Participants were asked to carefully listen to each sentence presented through an 291 earphone set and to perform a grasp movement with their thumb and index fingers toward 292 one of two possible target objects (a coffee cup or a screw). We introduced two different 293 objects with respect to the sphere used in Experiment 1 in order to elicit a more naturalistic 294
and precise grip and to obtain kinematic parameters not biased by the shape of a 295 particular object. Moreover, introducing objects with over-learned associated movements was an heuristic to reduce uncertainty in movement execution, thus allowing the kinematic 297 parameters to be sensitive to the experimental manipulations rather than to other sources 298 of confounding variability. It is also important to note that the obvious meaningfulness of 299 the coffee cup and screw objects did not introduce a major source of discontinuity with 300 respect to Experiment 1, since the sphere used in Experiment 1 also constitutes a 301 meaningful object that can be used, e.g. as a bouncing toy. 302
The same two blocks of 60 sentences as in Experiment 1 were used. In each block, five 303 sentences per condition were associated with the coffee cup, and the other five with the 304 screw. Sentence order in the two blocks was pseudo-randomized to minimize the 305 subsequent presentation of items belonging to the same combination of the two 306 experimental factors and target objects. The presentation of the two blocks was 307 counterbalanced across subjects. 308
The participants sat leaning on the back of a chair in front of a table. At the beginning of 309 each trial, the right hand and forearm rested on the table, with the elbow forming a 60 310 degree flexion angle. The right hand was tilted to the side, with the lateral side resting on 311 the table, the thumb and index fingers joined and slightly retracted and the other three 312 fingers in a relaxed position. The target objects (coffee cup or screw) were also positioned 313 on the table (the screw was inserted in a bolt attached to the table and stood in vertical 314 position), and were put in contact with the tip of the joined thumb and index fingers. In this 315 manner, the participants could grasp the objects by simply opening and extending the 316 thumb and index fingers, without moving the wrist or the other upper limb joints. Before the 317 experimental trials, the silhouettes of the right hand and forearm of the subject, as well as 318 of the target objects, were drawn on the table for consistent repositioning before the start 319 of each trial. The left hand was kept still on the left leg to prevent any interference on 320 movement.
Cogent 2000, running in Matlab 7.0, was used to present sentences auditorily, as well as 322 visual fixation-and go-signals. Timing and structure of the trials, including subjective rating 323 of verb frequency during the interval, were the same as in Experiment 1. Participants were 324 required to grasp the object and either slightly lift it (coffee cup) or rotate it in the horizontal 325 plane (screw). 326 327
Acquisition of kinematic parameters 328
The equipment, software and filtering used for the acquisition of kinematic parameters 329
were the same as in Experiment 1. Markers were placed on two points of interest on the 330 right arm: nail of the thumb and nail of the index. In order to prevent the markers from 331 being hidden during movements, we fixed them on 2 cm long sticks, placed perpendicular 332 to the finger nail planes. Three further markers placed on the radial side of the head of the 333 second metacarpal bone (index knuckle), radial styloid (wrist), and humerus epicondyle 334 (elbow), served as a control that the wrist and other upper limb joints remained still during 335 the grasp movement (this was also always checked online before the start of each trial). 336
Markers were directly placed on skin to minimize passive marker movements. 337
The calculated parameters were reaction time (defined as the time interval between the 338 go-signal and the movement onset that was determined as the first value of a sequence of 339 at least 5 increasing points on the basis of thumb-index distance velocity profile) and time-340 to-peak of the grip aperture. In order to directly compare the results between the two experiments by specifically testing 362 for the 3-way Experiment x Polarity x Concreteness interaction, we dropped the Abstract 363 level from the Concreteness factor. We thus tested the specificity of the effect on proximal 364 action-related sentences in Experiment 1 (load on proximal musculature) with respect to 365 the distal action-related sentences in Experiment 2 (load on distal musculature). To do so, 366
we calculated z-scores for reaction times and time-to-peak of the grip aperture of each 367 experiment independently, and used them as dependent measure in a 2x2x2 ANOVA 368 model, with the Experiment factor as a between-subjects factor. Based on these results showing a significant influence of Latency, we also analyzed the 379 two levels of the Latency factor separately, as two separate 2 x 3 (Polarity x Concreteness) 380
RESULTS
ANOVAs, one for data at 0 msec and the other one for data at 500 msec. 381
At 0 msec latency, we found a significant Polarity x Concreteness interaction 382 (F(1.89,32.18) = 5.85, p = .008). Post-hoc paired comparisons between the two levels of 383 the Polarity factor for each semantic condition, showed a significant PA > PN effect (t(17) = 384 3.32, p = .002; mean PA: 290 msec (SE 23), mean PN: 264 msec (SE 22)), and no 385 significant effects for the abstract (t(17) = -1.38, p = .91) and distal (t(17) = -1.61, p = .94) 386 conditions ( Figure 2A) . Thus, at 0 msec latency, the reaction times were significantly faster, 387 specifically for negative versus affirmative proximal sentences. 388
We also tested whether, not considering the effects of negative Polarity, PA selectively 389 interfered with the reach-to-grasp movement (see Figure 1A ). We found weak evidence 390 that this was the case: PA > AA, t(17) = 1.86, p = .039; PA > DA, t(17) = 1.37, p = .09. 391
No significant effects were found at 500 msec latency. 392 393
Normalized time-to-peak of the grip aperture
The other main effects and interactions were not significant (all p > .09). Post-hoc paired 396 comparisons between the two levels of the Polarity factor for each semantic condition, 397 showed a significant PN > PA (t(35) = -3.51, p = .0006; mean PN: 75% (SE: 3), mean PA: 398 69% (SE: 3)), and no significant effects for the abstract (t(35) = .66, p = .74) and distal 399 (t(35) = 1.40, p = .91) conditions ( Figure 2B ). This indicates a delayed time-to-peak of the 400 grip aperture specifically for negative versus affirmative proximal sentences. 401 402
Temporal sequence of movement onsets 403
For the assessment of the temporal sequence of movement onsets (wrist displacement, 404 grip aperture, elbow flexion-extension, and shoulder flexion-extension), the basic 2x3x2 405 factorial combination was expanded into a 2x3x2x4 design, by also including a Movement 406 onset factor (4 levels: wrist, thumb-index, elbow, shoulder). The repeated measures 407 ANOVA showed a main effect of Movement onset (F(1.82,18.16) = 68.66, p = .005), a 408 trend toward a significant main effect of Latency (p = .08), and no main effects of Polarity 409 or Concreteness or interactions (all p > .86). A characteristic temporal sequence of 410 movement onsets was found ( Figure 2C) , with the wrist moving first (reaction time, by 411 definition taken as 0 msec in this analysis, see Experimental Methods), followed by the 412 thumb-index fingers (mean 72 msec, SE 12), the elbow (mean 93 msec, SE 11), and 413 finally the shoulder (mean 140 msec, SE 7). 414 415 3.2 Experiment 2: grasping movement (load on distal arm musculature) 416 417
Reaction time 418
We found significant main effects of Polarity (F(1,23) = 13.78, p = .001) and Concreteness 419 (F(1.50,34.50) = 5.82, p = .012), and a significant Polarity x Concreteness interaction 420 (F(2,46) = 3.41, p = .041). Post-hoc paired comparisons between the two levels of the Polarity factor for each semantic condition, showed a significant DA > DN effect (t(47) = 422 3.62, p = .0003; mean DA: 222 msec (SE 15), mean DN: 185 msec (SE 16)), a significant 423 PA > PN effect (t(47) = 2.23, p = .015; cf. Bonferroni corrected alpha level = .0167); mean 424 PA: 214 msec (SE 16), mean PN: 195 msec (SE 16)), and no significant effect for the 425 abstract condition (t(47) = .19, p = .42) ( Figure 3A) . Thus, in Experiment 2 the reaction 426 times were significantly faster for negative versus affirmative distal, and to a reduced 427 extent also proximal, sentences. 428
We also tested whether, not considering the effects of negative Polarity, DA selectively 429 interfered with the grasping movement (see Figure 1A ). We found no significant effects: 430 DA > AA, t(23) = -.27, p = .61; DA > PA, t(23) = .86, p = .19. 431 432
Time-to-peak of the grip aperture 433
We found a significant main effect of Polarity (F(1,23) = 4.73, p = .040) and a significant 434 Polarity x Concreteness interaction (F(2,46) = 4.29, p = .019). The other main effects and 435 interactions were not significant (all p > .21). Post-hoc paired comparisons between the 436 two levels of the Polarity factor for each semantic condition, showed a significant DN > DA 437 effect (t(47) = 2.82, p = .003; mean DN: 371 msec (SE 20), mean DA: 402 msec (SE 24)), 438 a trend toward a significant a significant PN > PA effect (t(47) = 1.71, p = .046; cf. 439
Bonferroni corrected alpha level = .0167), and no significant effect for the abstract 440 condition (t(47) = -.43, p = .66) ( Figure 3B ). This indicates a delayed time-to-peak of the 441 grip aperture for negative versus affirmative distal sentences. 442 443
Experiment x Polarity x Concreteness interactions 444 445

Reaction time 446
We found a significant Experiment x Polarity x Concreteness interaction (F(1,40) = 11.50, p = .001), clearly confirming the dissociation with faster reaction times specifically for PN in 448 Experiment 1 and specifically for DN in Experiment 2 ( Figure 4A) . 449 450
Time-to-peak of the grip aperture 451
We found a significant Experiment x Polarity x Concreteness interaction (F(1,40) = 7.41, p 452 = .009), clearly confirming the dissociation with delayed time-to-peak of the grip aperture 453 specifically for PN in Experiment 1 and specifically for DN in Experiment 2 ( Figure 4B) . 
Experiment 1 458
The subjective estimates of verb frequency, which were temporally completely detached 459 within each trial from the measured kinematics, were required to ensure that the 460 participants maintained their attention focused on the auditory linguistic stimuli. We found a 461 trend toward a significant main effect of Polarity (F(1,17) = 4.43, p = .051), and no 462 significant main effects of Concreteness or Latency, or significant two-or three-way 463 interactions between the three factors (all p > .28). This indicates that the subjects may 464 have been moderately sensitive to the Polarity manipulation, even though they were not 465 informed of the presence of Polarity and Concreteness factors in the presented stimuli. 
Experiment 2 475
We found neither significant main effects of Polarity or Concreteness, nor a significant 476 interaction between the two factors (all p > .10). As for Experiment 1, also in Experiment 2 477 the subjective verb frequency ratings significantly correlated with the verb frequency 478 
Experiment 1 versus Experiment 2 483
When comparing the subjective frequency ratings expressed by the participants in 484
Experiment 1 with those expressed by the participants in Experiment 2, as a measure of 485 stimulus processing consistency, we found a significant correlation for both affirmative 486 
DISCUSSION 491
We hypothesized a disembodiment effect of sentential negation, consisting of a 492 computational load reduction in concept-specific embodied neural systems that thus 493 become more free to support concurrent tasks ( Figure 1A) . Accordingly, we found that 494 sentences describing actions involving arm musculature interfered less with kinematic 495 parameters of congruent upper limb movements when presented in negative compared to 496 affirmative form. In Experiment 1, requiring a reach-to-grasp movement ( Figure 1B) , we 497 found faster reaction times and delayed time-to-peak of the grip aperture, selectively for 498 negative versus affirmative proximal sentences, with no significant effects for either 499 abstract or distal sentences. In Experiment 2, requiring grasping without reaching (Figure  500 1C), we found faster reaction times and delayed time-to-peak of grip aperture for negative 501 versus affirmative distal sentences, a comparable, though reduced in size, reaction times 502 effect for proximal sentences, and no effects for abstract sentences. 503
We interpret this dissociation across the two experiments, which was confirmed by the 504 Experiment x Polarity x Concreteness interactions, as due to the factorial combination of a 505 higher load on proximal versus a higher load on distal arm musculature for movement and 506 sentences. Distal sentences did not contain descriptions of actions heavily involving the 507 proximal arm musculature, but almost exclusively the distal musculature. Therefore, distal 508 sentences did not interfere significantly with the kinematic parameters of the reach-to-509 grasp movement of Experiment 1, which was characterized by a heavier load on proximal 510 musculature, but only interfered with the grasp without reaching movement of Experiment 511 2, which was characterized by a heavier load on distal musculature. Proximal sentences, 512 in turn, contained descriptions of actions predominantly involving the proximal arm 513 musculature, but to some extents also involving the distal musculature (due to the hand 514 interactions with target objects inherent to the employed transitive verbs). This may explain 515 why proximal sentences clearly interfered with the kinematic parameters of Experiment 1, 516
The Disembodiment Effect of Negation 22 but to a more limited extent also with the movement onset measured by reaction times in 517 Experiment 2. Moreover, another possible source of difference between the two types of 518 action-related sentences is due to the greater effort implied by action verbs referred to 519 proximal arm musculature, given that the degree of effort associated with movements has 520 been shown to modulate premotor regions responses (Moody and Gennari 2010). Such a 521 difference could particularly explain the partial effects for proximal sentences found in the 522 second experiment. 523
Our interpretation of the results of Experiments 1 and 2 rests on the notion advanced by 524 embodied and grounded theories of cognition (Barsalou 1999 (Barsalou , 2008 forelimb movements involving reaching for grasping and for distal forelimb movements 550 involving grasping without reaching (Gentilucci et al. 1988 (Gentilucci et al. , 1989 . In humans, however, 551 proximal and distal maps in the premotor and supplementary motor cortices were not 552 clearly separable using TMS (Teitti et al. 2008) . As an explanation for such disparate 553 findings, it has been proposed that both the primary motor cortex and the premotor cortex 554 of monkeys and humans may not be primarily organized according to somatotopy, but 555 rather display a discontinuous somatic topography with multiple overlapping maps 556 (Graziano 2006 ). These overlapping maps may differentiate different types of actions 557 involving the upper limbs, based on, in particular, the goal or meaning of the actions 558 (possibly involving several upper limb parts in orchestration), the position of the hand, and 559 the position of the target in the peri-personal space (Fernandino and Iacoboni 2010) . The 560 combination of these organization factors leads to a motor repertoire for specific upper-561 limb actions, such as reaching or grasping, thus pointing to separable neural systems 562 controlling for proximal reaching versus distal grasping movements. 563
These factors characterizing the organization of the primary motor and premotor cortices 564 must be closely considered for the interpretation of the kind of kinematic parameters 565 modulated by proximal and distal sentences in Experiments 1 and 2. In Experiment 1 both 566 an "early" kinematic parameter (reaction times) and a "late" kinematic parameter (grip 567 aperture) were concerned. Similarly, in Experiment 2 the modulations concerned both early (reaction times) and late (grip aperture) kinematic parameters. This apparent overlap 569 may be taken to speak against a concept-specific disembodiment effect of negation for 570 sentences describing actions involving proximal versus distal arm musculature. In 571 particular, if we were to attribute a strictly somatotopic organization to the motor cortex, we 572 should have expected that grip aperture, which results from the action of distal arm 573 muscles controlling for the extension of the thumb and index fingers, should be modulated 574 by distal sentences, irrespective of Experiment 1 and 2. However, as noted above, the 575 motor cortex organization primarily reflects other factors than somatotopy, such as the 576 action type and the positions of both the hand and the target in the peri-personal space. It 577 is therefore essential to consider that the same kinematic parameters were measured 578 differently across Experiments 1 and 2, and thus represent different kinematic phenomena 579 in the two experiments. In Experiment 1, requiring a reach-to-grasp movement, the 580 reaction times reflected the activity of proximal musculature initiating the reaching 581 movement (see also our Discussion below), whereas the time-to-peak of the grip aperture 582 was measured at an intermediate location between the hand start position and the location 583 of the target object, namely at a time-point in which there is an ongoing orchestrated 584 activity between proximal arm muscles controlling for the reaching kinematics and distal 585 arm muscles controlling for the thumb-index aperture. This complex orchestrated muscular 586 activity, as we have seen, is coded in specific motor cortical maps coding for reaching of 587 the hand for an object at specific peri-personal space coordinates. It is therefore not 588 surprising, that such a relatively higher load on proximal reaching components in 589 Experiment 1 resulted in significant reaction times and grip aperture effects for proximal 590 but not for distal sentences. In Experiment 2, in turn, the required kinematics was a 591 grasping movement close to the position of the target object, with virtually no reaching 592 movement required: reaction times were measured from the thumb-index distance velocity 593 profile (rather than from the wrist velocity profile as in Experiment 1) and, thus, this "early" our Experiment 2 were previously investigated in combined language-movement kinematic 621 studies. Reference indicating the effect size of interference for affirmative language under 622 the distal movement conditions of Experiment 2 is therefore lacking. In sum, the present 623 study may have not provided the optimal conditions to replicate the interference effect of 624 affirmative action-related language, and altogether this is a limitation of the present study. 625
Perhaps using a different effector (e.g. foot action related sentences) may have provided a 626 more effective control condition than either abstract or distal versus proximal sentences. 627
However, what matters here, in our view, is that we were able to demonstrate a clear 628 kinematic effect for negative versus affirmative sentences, and that this effect, which we 629 confidently interpret as an interference reduction (see also below), was specific for 630 congruent action-related meanings compared to incongruent action-related and control 631 abstract meanings. 632
Several aspects of our pattern of results deserve detailed consideration. First, our 633
interpretations are based on the assumption that the participants to our study actually 634 accessed the conceptual semantic content of the auditory experimental sentences. While 635 there is little doubt that lexical-semantic access upon auditory word processing is a fast 636 and automatic process (Friederici, 2012) , it could in principle well be that our participants 637 did not attentively listen to the auditorily presented sentences, thus compromising the 638 processing of auditory word forms and associated lexical-semantics altogether. That this 639
was not the case is demonstrated by the highly significant correlations between the 640 subjective verb frequency ratings collected in both experiments and the verb frequency 641 ratings taken from the Corpus of Lexical Frequency of written Italian (Laudanna et al. 642 1995) . Not only were the subjective verb frequency ratings consistent with the linguistic 643 corpus for both affirmative and negative sentences, but they were also highly consistent 644 across the two groups participating in Experiments 1 and 2, which consisted of entirely 645 different subjects. Clearly, such a close correspondence would not have been observed if even a small subset of participants had not properly encoded the verb stimuli. As a 647 consequence, we can be confident that conceptual semantic processing of the 648 experimental sentences actually occurred. 649
Second, a significant Polarity x Concreteness x Latency interaction in the reaction times 650 measured in Experiment 1, as well as the subsequent post-hoc tests, indicated that a 651 significant modulation by negative proximal sentences was present when the reach-to-652 grasp movement was prompted at 0 msec but not when it was prompted at 500 msec after 653 sentence presentation. As explained in the Introduction, the Latency factor was introduced 654
in Experiment 1 in order to account for the two-step simulation hypothesis of negation with the two-step simulation hypothesis and with our related initial hypothesis, since they 660 indicate that the effect of sentential negation on reaction times that can be measured at 0 661 msec movement latency has already disappeared after 500 msec. This suggests that the 662 processing of negation occurs very early when listening to simple and short declarative 663 sentences such as those used in the present experiment. The sentence presentation 664 modality used in the present study markedly differs from the complex sentence-picture 665 verification paradigm that has typically been used in studies leading to the two-step 666 simulation hypothesis, in which there was a strong emphasis on inferring the correct truth 667 value conveyed by sentential negation (Kaup et al. 2007 ). In fact, in circumstances under 668 which the factual and counterfactual truth values must be put in direct opposition to choose 669 the correct sentence to picture match from alternative choices, it may be necessary to 670 engage in the explicit mental simulation of the affirmative sentence meaning, first, followed 671 by the negative meaning, in serial order, leading to two temporally disjoint mental movement that arise as a consequence of adverse movement conditions (Castiello 2005) . 699
In healthy subjects, for instance, grasping slippery objects leads to a larger grip aperture 700 earlier during the reaching trajectory compared with grasping rough-surface objects 701 (Smeets and Brenner 1999). Patients with optic ataxia, which present abnormalities in 702 grasping kinematics (Jeannerod 1986 ), have been shown to adopt an exaggerated 703 anticipatory grip aperture that poorly correlates with object size (Jeannerod et al. 1994) . 704
Furthermore, movements thoroughly planned in advance and guided by a feed-forward 705 strategy, as opposed to poorly planned movements adjusted on-line by a feedback 706 strategy, are not only typically associated with faster reaction times, but also with delayed 707 times-to-peak of wrist acceleration and grip aperture, indicating a more precise 708 performance (Gage et al. 2007; Lin et al. 2007 ). We therefore interpret our grip aperture 709 findings as evidence of an interference of affirmative action-related sentences on 710 congruent movements, which is reversed by the disembodiment effect of negation, leading 711 to delayed times-to-peak for negative sentences. 712
In sum, our findings provide conclusive evidence in favor of a disembodiment effect of 713 sentential negation. Compared to corresponding affirmative sentences, the comprehension 714 of negative sentences is characterized by a computational load reduction in embodied 715 conceptual representations, leaving a greater amount of neural resources available that 716 can be exploited by competing primary processes. We also propose that the 717 disembodiment effect of sentential negation is concept-specific and follows a principle of 718 lexical parsimony, requiring that only the affirmative form of a concept is stored in semantic 719 memory, while its negative counterpart is associated to -or possibly produced by -a 720 transient reduction of the access to such stored semantic information. Altogether, we have 721 demonstrated this neural specificity for closely related concepts such as proximal and 722 distal upper limb movements (present study), as well as for more distant concepts in the 723 abstract domain (Tettamanti et al. 2008 ). If sentential negation indeed blocks concept-specific semantic representations, it seems implausible that the syntactic generator of this 725 blocking procedure itself be reduplicated in each and every concept-specific neural 726 representation, as instead argued by Liuzza et al.'s (2011), stating that embodied action-727 related simulations in the motor system may also code for the syntactic features of 728 negation. Indeed, the greatest challenge for future research in this field will be to elucidate 729 how in the brain the semantic disembodiment effect of sentential negation is orchestrated 730 at the syntactic level to promote sentence interpretation. 731 
